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DYNAMO-ELECTRIC MACHINE

TECHNICAL FIELD

The present invention relates to an electric rotating
machine, and more particularly to a structure of a stator
(stationary element) in an electric rotating machine.

BACKGROUND ART

An electric rotating machine that may be used as an electric
motor or generator is constituted with a stator and a rotor
rotatably disposed on the inside of the stator. When electric
current is made to flow through stator windings provided on
the stator, heat is generated, which may result in increasing
the temperature of the stator and possibly damaging stator
parts. For this reason, it is necessary to detect the temperature
of the stator at high accuracy. Therefore, techniques of pro-
viding a temperature detecting element on the stator and
detecting the stator temperature have been conventionally
known.

For the purpose of providing a stator of an electric rotating
machine in which a temperature of stator windings is detected
with quick response and high accuracy, below-listed Patent
Document 1 discloses providing a metallic heat transfer part
at a neutral point terminal electrically connecting the neutral
points of the respective phases of the stator windings, the heat
transfer part covering a temperature detecting element.

A configuration according to this conventional art is shown
in FIG. 7 at (A) and (B). A terminal base is formed of an
insulating resin material, and is disposed on segment conduc-
tors 22 at one axial end portion side of the stator. The terminal
base is insert molded and integrated with three-phase input
terminals and neutral point terminals 50, 54. The neutral point
terminal 50 is formed extending along the circumferential
direction of the stator core, and includes, at its two end por-
tions in the lengthwise direction, stubs 51 protruding from the
terminal base. Between the stubs 51 of the neutral point
terminal 50, a cylindrical heat transfer part 52 is provided
protruding in the same direction as the stubs 51, while being
formed horizontally so that the axis of the cylindrical shape is
aligned along the lengthwise direction of the neutral point
terminal 50. The first stub 51 of the neutral point terminal 50
is electrically connected, at a neutral point connection part 56,
to a lead wire 26 of a winding for one phase among the
three-phase stator windings 20. Meanwhile, the other stub 51
of the neutral point terminal 50 and the first stub 55 of the
neutral point terminal 54 are electrically connected, at a neu-
tral point connection part 57, to a lead wire 27 of a winding for
another phase among the three-phase stator windings 20.
Further, the other stub 55 of the neutral point terminal 54 is
electrically connected to a lead wire of a winding for the
remaining one phase among the three-phase stator windings
20. The neutral point terminals 50 and 54 are electrically
connected to each other via a lead wire.

A thermistor 60 serving as atemperature detecting element
is inserted into the heat transfer part 52 of the neutral point
terminal 50, and is also fitted into a groove 32 in the terminal
base. The sensor part 62 of the thermistor 60 is mounted at a
position covered by the heat transfer part 52. Further, the
thermistor 60 is disposed so that its portion on one side in the
lengthwise direction is inserted into the heat transfer part 52,
while its portion on the other side in the lengthwise direction
is held down by a hook 34 extending from the terminal base
and formed in a shape of a claw to cover over the groove 32.
In the heat transfer part 52, a slit 53 extending along the
lengthwise direction is formed on the side where the stubs 51
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are located, which is the inner side in the radial direction of
the stator core. The thermistor 60, which is inserted into the
heat transfer part 52 and fitted into the groove 32, is covered
with an insulating resin material 36 obtained by melting an
insulating powder

PRIOR ART LITERATURE
Patent Documents

Patent Document 1: JP 2008-131775 A

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

When mounting a temperature detecting element such as a
thermistor on a stator, the temperature detecting element may
be positioned on a resin molded member of the stator. How-
ever, in that case, a clearance (gap) may be generated between
the temperature detecting element and the resin molded mem-
ber, and variances in this clearance can disadvantageously
cause degradation in temperature measurement accuracy.
Furthermore, depending on the location at which the tempera-
ture detecting element is positioned, the temperature detect-
ing element may undesirably receive influences from a cool-
ing oil for cooling the stator windings.

According to the above-described conventional art, since
the thermistor is inserted into the heat transfer part 52 and
fitted in the groove 32, its position is fixed, so that degradation
in temperature measurement accuracy due to variances in the
clearance is avoided. However, as the thermistor is fixed to the
neutral point terminal, the thermistor may not always accu-
rately reflect the temperature of the three-phase stator wind-
ings. More specifically, while the neutral points of the three-
phase stator windings are electrically connected to the neutral
point terminal, and while it is expected that the temperature of
the neutral point terminal will change as a result of tracking
the temperature changes of the three-phase stator windings,
the thermistor does not directly detect the temperature of the
three-phase stator windings, and temperature change delays
due to the tracking may be present.

An object of the present invention is to provide a structure
in which the temperature of the stator windings can be
detected with high accuracy.

Means for Solving the Problems

An electric rotating machine according to the present
invention comprises a stator, a terminal base on which a stator
winding provided on the stator is positioned, and a tempera-
ture detecting element that is positioned on the terminal base
and that detects a temperature of the stator winding. The
stator, the terminal base, and the temperature detecting ele-
ment are integrally fixed to each other with resin.

According to one embodiment of the present invention, the
stator winding comprises three-phase stator windings, and
the terminal base includes first, second, and third, positioning
parts at which the three-phase stator windings are positioned,
respectively, and a fourth positioning part at which the tem-
perature detecting element is positioned. The fourth position-
ing part is formed between two positioning parts located at
two ends among the first, second, and third positioning parts.

According to another embodiment of the present invention,
the first, second, third, and fourth positioning parts are formed
in a straight line.



US 9,143,021 B2

3

According to another embodiment of the present invention,
the temperature detecting element is positioned diagonally
with respect to an upper planar surface of the terminal base.

Advantages of the Invention

According to the present invention, since the stator, the
terminal base, and the temperature detecting element are inte-
grally fixed to each other with resin, positional deviation of
the temperature detecting element is prevented, and the tem-
perature of the stator windings can be detected with high
accuracy. Further, since the fourth positioning part at which
the temperature detecting element is positioned is formed
between two positioning parts located at two ends among the
first, second, and third positioning parts, the temperature of
the three-phase stator windings can be detected with high
accuracy without increasing the size of the terminal base.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of an electric rotating machine.

FIG. 2 is a partial cross-sectional view of a terminal base.

FIG. 3 is adiagram showing a configuration of a thermistor.

FIG. 4 is a diagram explaining an arrangement of position-
ing parts.

FIG. 5 is a diagram explaining an arrangement of position-
ing parts.

FIG. 6 is a diagram explaining an arrangement of position-
ing parts.

FIG. 7 is a diagram showing a configuration according to
conventional art.

EMBODIMENTS OF THE INVENTION

Anembodiment of the present invention is described below
with reference to the drawings.

FIG. 1 shows a plan view of an electric rotating machine
according to the present embodiment. The electric rotating
machine 1 is constituted with a stator and a rotor. A stator core
10 of the stator is formed in an annular shape by stacking,
along the axial direction, magnetic steel plates having a pre-
determined thickness. A plurality of slots each extending in
the axial direction are formed on the inner periphery of the
stator core 10 while being arranged along the circumferential
direction stator windings, which are three-phase windings,
are mounted on the slots. An insulating member is interposed
between the stator core 10 and the stator windings, and the
stator core 10 and the stator windings are integrated into a
single unit by means of a resin molded member 11.

Further, a terminal base 12 is formed at one end side of the
stator core 10. The terminal base 12 is molded with resin and
integrated with the resin molded member 11 of the stator. On
the terminal base 12, there are formed positioning parts 13,
14, 15 for the respective three-phase windings. The position-
ing parts 13, 14, 15 function as input terminals for the respec-
tive three-phase windings. For example, the positioning part
13 is a positioning part or input terminal for the first phase
(U-phase), the positioning part 14 is a positioning part or
input terminal for the second phase (V-phase), and the posi-
tioning part 15 is a positioning part or input terminal for the
third phase (W-phase). The positioning parts 13, 14, 15 for the
respective three-phase windings are arranged and formed in a
straight line with each other.

On the terminal base 12, separately from the positioning
parts 13, 14, 15 for the three-phase windings, there is also
formed a positioning part 16 for a thermistor serving as a
temperature detecting element. In the drawing, the ther-
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mistor-positioning part 16 is arranged in a straight line
together with the positioning parts 13, 14, 15, and is formed
between the positioning part 14 and the positioning part 15. A
thermistor is positioned at this positioning part and is insert
molded with resin on the terminal base 12. As the thermistor
is insert molded with resin on the terminal base 12 and the
terminal base 12 is integrally fixed to the stator by means of
the resin molded member 11, the thermistor, the terminal base
12, and the stator are integrated with each other into a single
unit.

FIG. 2 shows a partial cross-sectional view of the terminal
base 12. On the terminal base 12, the positioning parts 13, 14,
15 are formed in a straight line. The positioning parts 13, 14,
15 are each formed protruding from the upper planar surface
of the terminal base 12. The positioning part 13 serves to
position a first-phase winding 100 among the three-phase
stator windings, for example. The positioning part 14 serves
to position a second-phase winding 101 among the three-
phase stator windings, for example. The positioning part 15
serves to position a third-phase winding 102 among the three-
phase stator windings, for example. The spaces between the
positioning parts 13, 14, and 15 are not identical. Specifically,
the space between the positioning parts 14 and 15 is larger
than the space between the positioning parts 13 and 14.
Between the positioning parts 14 and 15, the thermistor-
positioning part 16 is formed. The thermistor-positioning part
16 is similarly formed protruding from the upper planar sur-
face of the terminal base 12. However, while the positioning
parts 13, 14, 15 each protrude substantially perpendicularly
from the upper planar surface, the positioning part 16 pro-
trudes diagonally from the upper planar surface. As the ther-
mistor 17 is positioned by the positioning part 16, the ther-
mistor 17 extends diagonally with respect to the upper planar
surface, as shown in the drawing. The element part of the
thermistor 17 is exposed from the terminal base 12, and is
located in the vicinity of the three-phase stator windings 100,
101, 102.

FIG. 3 is a diagram showing a configuration of the ther-
mistor 17. A resin-molded positioning part 18 is formed at a
tip portion of the thermistor 17, and this positioning part 18 is
integrated with the terminal base 12 by insert molding. In the
state in which the thermistor is insert molded on the terminal
base 12, the positioning part 18 is the same as the positioning
part 16. The positioning part 18 has a tapered shape with its
diameter becoming smaller toward the tip. Further, the posi-
tioning part 18 has an annular stopper formed protruding
from an intermediate portion thereof. By means of this stop-
per, the thermistor 17 can be prevented from being pushed out
from the terminal base 12 due to the mold pressure applied
when integrating the terminal base 12 with the stator by
providing the resin molded member 11. More specifically,
after the thermistor 17 is first insert molded on the terminal
base 12, the terminal base 12, together with the thermistor, is
molded on the stator using resin. During this resin molding
process, the stopper can prevent the thermistor 17 from slip-
ping out from the terminal base 12.

In the present embodiment, since the thermistor 17, the
terminal base 12, and the stator are integrated into a single
unit using resin, the thermistor 17 is closely adhered to the
resin having high thermal conductivity, while positional
deviation of the thermistor 17 is prevented and variances in
the clearance of the thermistor 17 are avoided. It is therefore
possible to highly accurately detect the temperature of the
three-phase rotor windings or the temperature of the stator.
By being able to detect the temperature of the three-phase
stator windings or the temperature of the stator with high
accuracy, it is possible to set a wider allowable operating
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temperature, range for the electric rotating machine com-
pared to in a conventional configuration. That is, when the
temperature detection accuracy is low, the electric rotating
machine must be operated with sufficient margins in consid-
eration of the low accuracy. In contrast, in the present embodi-
ment, because the temperature can be detected with high
accuracy, the margins can be set smaller, which results in
widening the allowable operating temperature range for the
electric rotating machine.

In the present embodiment, as the thermistor 17 is posi-
tioned between the positioning part 14 and the positioning
part 15, the amount of resin used for the terminal base 12 can
be reduced compared to, for example, a configuration in
which the thermistor 17 is positioned at an end portion of the
terminal base 12.

In the present embodiment, as the thermistor 17 is posi-
tioned between the positioning part 14 and the positioning
part 15, the temperature of all of the three-phase stator wind-
ings 5 can be detected, in contrast to, for example, a configu-
ration in which the thermistor 17 is positioned at an end
portion of the terminal base 12.

Further, in the present embodiment, as the positioning part
16 for the thermistor 17 is formed diagonally with respect to
the upper planar surface of the terminal base 12, it is possible
to reduce the size of the terminal base along the axial length
direction, i.e., the size of the terminal base in the x direction
shown in FIG. 2.

While can embodiment of the present invention has been
described above, the present invention is not limited to this
embodiment, and various modifications may be made thereto.

For example, although the positioning parts 13, 14, 15, 16
are arranged in a straight line in the present embodiment, it is
alternatively possible to configure such that the positioning
parts 13, 14, 15 are arranged in a straight line while the
positioning part 16 is not located along that straight line.

Further, although the thermistor 17 is located between the
positioning part 14 and the positioning part 15 in the present
embodiment, the thermistor 17 may alternatively be located
between the positioning part 13 and the positioning part 14. In
other words, it is sufficient so long as the thermistor 17 is
located between two positioning parts located at two ends
among the three positioning parts 13, 14, 15.

FIGS. 4-6 show example positional relationships among
the positioning parts 13, 14, and 15 for the three-phase stator
windings and the thermistor-positioning part 16. FIG. 4 illus-
trates the positional relationship shown in FIG. 1, in which the
positioning parts 13, 14, 15 are arranged in a straight line,
while the positioning part 16 is also located along that straight
line and disposed between the positioning parts 14 and 15.
FIG. 5 illustrates a case in which the positioning parts 13, 14,
15 are not arranged in a straight line, and shows that the
positioning part 16 is disposed between the positioning parts
13 and 15 that are located at two ends. Similarly to FIG. 5,
FIG. 6 illustrates a case in which the positioning parts 13, 14,
15 are not arranged in a straight line. In this case too, the
positioning part 16 is disposed between the positioning parts
13 and 15 that are located at two ends, but more specifically,
the positioning part 16 is disposed inside and on the boundary
of a triangular area 200 having vertices at the positioning
parts 13, 14, and 15. In the case of FIG. 6, the positioning part
16 may be positioned at a location that is equidistant from the
positioning parts 13, 14, and 15, i.e., at the circumcenter of the
triangle having vertices at the positioning parts 13, 14, and 15.
According to this arrangement, when abnormal heat genera-
tion occurs in any specific winding among the three-phase
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stator windings, the temperature increase that occurs along
with the abnormal heat generation can be defected with cer-
tainty.

Further, while the element part of the thermistor 17 is
arranged by being exposed from the terminal base 12 in the
present embodiment, the element part of the thermistor 17
may be disposed in contact with the neutral point or neutral
point terminal of the three-phase stator windings. As the
element part of the thermistor 17 of the present embodiment
receives thermal influence mainly from the three-phase stator
windings, the thermistor 17 can detect the temperature with
high accuracy even when the element part is partly in contact
with the neutral point or neutral point terminal. In other
words, the present embodiment does not preclude having the
element part of the thermistor 17 in contact with the neutral
point or a neutral point terminal that is electrically connected
thereto.

Furthermore, although a thermistor is used as the tempera-
ture detecting element in the present embodiment, the use of
a thermistor is simply one example, and it is naturally pos-
sible to use an arbitrary element that changes in physical
property depending on temperature.

Each of the positioning parts 13, 14, 15, 16 of the present
embodiment may be specifically configured as a part having
an opening or hole through which a stator winding or ther-
mistor is inserted. Alternatively, each positioning part may be
configured as a hook-shaped projection projecting from a
surface of the terminal base 12, and a stator winding or the
like may be positioned thereon.

LIST OF REFERENCE NUMERALS

1 electric rotating machine; 10 stator core; 11 resin molded
member; 12 terminal base; 13, 14, 15 positioning part
(for stator windings); 16 positioning part (for ther-
mistor); 17 thermistor; 100, 101, 102 three-phase stator
windings.

The invention claimed is:

1. An electric rotating machine, comprising:

a stator;

a terminal base on which a stator winding provided on the
stator is positioned; and

a temperature detecting element that is positioned on the
terminal base and that detects a temperature of the stator
winding, wherein

the stator, the terminal base, and the temperature detecting
element are integrally fixed to each other with resin;

the stator winding comprises three-phase stator windings;

the terminal base includes first, second, and third position-
ing parts at which the three-phase stator windings are
positioned, respectively, and a fourth positioning part at
which the temperature detecting element is positioned;
and

the fourth positioning part is formed between two position-
ing parts located at two ends among the first, second, and
third positioning parts.

2. The electric rotating machine according to claim 1,

wherein

the first, second, third, and fourth positioning parts are
formed in a straight line.

3. The electric rotating machine according to claim 1,

wherein

the temperature detecting element is positioned diagonally
with respect to an upper planar surface of the terminal
base.



